Abstract. One of the most important problems related to the development of new nonmetal materials and their performance characteristics is to predict the phase composition. The most comprehensive information on phase interactions and the thermodynamic stability of phase combinations is given by the state diagrams. The materials synthesized in the system subsolidus domain can be predicted the most accurately, because their sintering occurs without participation of the melt. Due to the above fact, the studies of the subsolidus structure of BaO -CoO -Fe 2 O 3 -Al 2 O 3 system are of great interest, because on the basis of this system we can obtain a huge amount of nonmetal materials with prescribed properties, for example ferrimagnetic materials to protect from electromagnetic radiation, because the system compounds have cementing, refractory and ferrimagnetic properties. To study the structure of BaO -CoO -Fe 2 O 3 -Al 2 O 3 system in detail the authors summed up already known data on the thermodynamic constants of system compounds. This allowed us to do the thermodynamic analysis of multiphase equilibrium processes that occur in the subsolidus of BaO -CoO -Fe 2 O 3 -Al 2 O 3 system that was used as a basis for the plotting of the state diagram for the subsolidus domain of the system. A promising field for the application of obtained data is the cement production technology. The produced cement can be used independently and as a binding material to produce special cements and materials that retain their properties when exposed to the action of high-frequency electromagnetic radiation.
Introduction
Prediction of the phase composition is one of the most important problems for the development of new types of refractory nonmetal materials and the conditions for their use. The most complete information about phase interrelations and the thermodynamic stability of phase combinations is given in the state diagrams in which thermodynamically equilibrium compositions are interconnected with the temperature. The BaO -CoOFe 2 O 3 -Al 2 O 3 system is of great interest for the researchers from the standpoint of the possibility of the production of ferrimagnetic materials that protect from the electromagnetic radiation, because its compounds have cementing, refractory and ferromagnetic properties.
However, the unavailability of data on the structure of the above system hampers the development of special materials with prescribed properties. Therefore, this scientific paper delves into the studies of the structure of BaO -CoO -Fe 2 O 3 -Al 2 O 3 system and solidphase reactions in it.
Analysis of the latest research papers and publications
The BaO -CoO -Fe 2 O 3 -Al 2 O 3 system has a rather complicated structure that has not been properly studied yet.
The data on the structure of binary systems of refractory oxides were summarized in the references based on computational and experimental data [1] .
The 
Defining research objectives and problems
The data of tetrahedration of these systems give important information on the prediction of the direction (vector) of chemical interactions and phase combinations for four-component physical and chemical systems synthesized in the products of solid phase reaction. In the tetrahedrated system connodas combine coexisting equilibrium phases by pairs; compound composition points located at the apexes of elementary triangles consolidate triple equilibrium combinations of the phases; the apexes of elementary tetrahedrons correspond to the points of compound compositions that can coexist in the four-phase equilibrium combinations. Therefore, the main problem on the determination of the subsolidus structure for four-component systems is related to the fragmentation of the concentrated tetrahedron of the system into elementary triangles, i.e. tetrahedration.
Based on the above, we arrived at a conclusion that it is topical to study the problem on multiphase equilibrium processes that occur in the subsolidus of BaO -CoO -Fe 2 O 3 -Al 2 O 3 system. The set goal can be achieved based on the thermodynamic analysis done for all possible combinations of the phases, peculiar for the above system.
Core of the Research
To do a theoretical research for the BaO -CoO -Fe 2 O 3 -Al 2 O 3 system it is reasonable to carry out the thermodynamic analysis of the processes that occur in it. This can be done, if initial thermodynamic constants are available. Table 1 gives the initial data for the thermodynamic analysis. The combination of triple systems triangulated earlier [5] [6] [7] [8] 
The computation data ΔG = f(T) for the reactions (1)- (3) are given in the Table 2 and show that it is preferable for the reaction to progress in the direct direction except for the reaction (3) Transbud-2017 6 The phase variability due to the reaction reversibility (3) can be of importance only for particular cases, because the reactions (1) and (2) are more advantageous thermodynamically. In the indicated thermodynamic range the changes in the signs ΔG of summative reactions (4) = (1) + (3), (5) = (2) + (3), are not observed ( 
A negative value of ΔG for the reactions (4) and (5) Therefore, the subsolidus structure of BaO -CoO -Fe 2 O 3 -Al 2 O 3 system was defined only by 6 "internal" connodas that distinguish 29 elementary tetrahedrons that define all the 2, 3 and 4-phase combinations of coexistent compounds of the system (Fig.1) . 
Research-related conclusions, outlooks and further progress in this area
Theoretical research done for the subsolidus of BaO -CoO -Fe 2 O 3 -Al 2 O 3 system is of interest for advanced applications of this system. For example, the obtained data can be used for the production of ferrimagnetic cementing materials using the principle of reaction-formed structures that have high values of the refractoriness combined with good protective properties to prevent the impact of electromagnetic radiation of different wave lengths. A promising field for the application of obtained data is the cement production technology. The produced cement can be used independently and as a binding agent to produce special concretes and materials that retain their properties under the action of highfrequency electromagnetic radiation.
